describe a procedure to track translocation by RecBCD enzyme directly, which can be generally applied to other rapidly translocating motor proteins. We show that the RecD motor remains associated with the RecBC subunits throughout translocation, even when χ is encountered.
Results and Discussion
To directly visualize a rapidly moving RecBCD molecule without the constraints of TIRF, we attached a 40 nm streptavidin-coated fluorescent bead (nanoparticle) to RecBCD that had been biotinylated in vivo at a unique site on RecD. The nanoparticle contains several hundred chromophore equivalents, thereby providing a large fluorescent signal that is directly associated with the motor protein. We used the instrument and experimental procedure that we had established previously (Bianco et al., 2001; Spies et al., 2003). In brief, biotinylated DNA was separately bound to a streptavidincoated 1.0 m polystyrene bead and then mixed with the RecBCD that had been tagged with the fluorescent bead ( Figure 1A) ; however, in contrast to past procedures, the DNA was not fluorescently labeled. The bead-DNA-RecBCD-nanoparticle complex was captured by an optical trap ( Figure 1A ) and then moved to the second channel of a flow cell containing ATP to start translocation. Figure 1B shows individual frames from the video recording of two typical experiments. We found that the fluorescent nanoparticles bind nonspecifically to the polystyrene bead, leading to a very bright spot at the focus of the optical trap. Although the DNA is not visible, the labeled nanoparticle could be seen at a distance corresponding to the expected length of the DNA (the direction of flow is to the right in each panel). This tethered particle moved when the complex was introduced to ATP, verifying that the particle was attached to RecBCD (the bright arrows point to the faint nanoparticle). Nonspecific binding of the nanoparticle to DNA, nonbiotinylated RecBCD, or RecBC was negligible (<1%, based on 400-500 randomly trapped beads for each); in contrast, 13% of the trapped DNA-beads (n = 272) had a nanoparticle bound to the DNA end when biotinylated RecBCD was present. Measurement of a nanoparticle's Software. The position of the nanoparticle relative to the microremove biotin, and then stored in 20 mM Tris-HCl (pH 7.5), 0.1 mM sphere was determined in individual video frames and then plotted EDTA, 0.1 mM DTT, 100 mM NaCl, and 50% glycerol. The yield was using Prism (GraphPad) software. For the χ o DNA, the rate of trans-11.7 mg of holoenzyme from 2 liters of culture. The resulting protein location was determined by fitting the experimental data to a line; contained each of the three subunits in a 1:1:1 ratio and was apfor the χ-containing DNA, the rates before and after χ, as well as proximately 98% pure, with the contaminant likely being GroEL. position and duration of the pause, were determined by fitting the The purified RecBCD enzyme contained only one subunit, the biotidata to a contiguous three-segment line (Spies et al., 2003). The nylated RecD subunit, that gave a positive signal in a biotin-blot reported error for each individual parameter is the standard deviaassay; in this assay, RecBCD was subjected to SDS-PAGE and then tion obtained from the fit. In cases where a population average is transferred to nitrocellulose membranes by using standard Westgiven, the uncertainly represents the standard deviation for that ern blotting techniques. Instead of probing the membranes with group of molecules. antibodies, however, streptavidin conjugated to alkaline phosphatase (Bio-Rad) was used to probe for the presence of biotin; detection was with alkaline phosphatase color reagents that were used Supplemental Data according to the instructions supplied with the supplier. This bioSupplemental Data include two movies and are available with this tinylated enzyme displayed fully wild-type behavior in all in vitro article online at http://www.molecule.org/cgi/content/full/17/5/745/ assays: ATPase, helicase, nuclease, χ recognition and response, DC1/. and RecA loading (data not shown). Helicase assays showed that saturation of activity occurred at approximately one holoenzyme per dsDNA end, corresponding to a protein preparation that is
